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Abstract
Objectives:  To  describe  morphologic  abnormalities  and  signs  of  patellar  lateral  femoral  friction
syndrome  (PLFFS)  detected  by  magnetic  resonance  imaging  (MRI).
Materials  and  methods:  Prospective  study  of  56  knees  (21  patients  and  30  controls)  studied  by
3 Tesla  MRI.  Comparative  analysis  of  clinical  data,  quantitative  and  qualitative  imaging  criteria
in a  population  of  patients  with  anterior  knee  pain  associated  with  an  abnormal  MRI  signal  along
the lateral  alar  folds  of  the  infrapatellar  fat  pad,  a  characteristic  sign  of  PLFFS,  and  a  control
population  with  no  anterior  knee  pain  or  abnormal  signal  from  the  infrapatellar  fat  pad.
Results: Patients  with  PLFFS  have  anterior  and/or  lateral  knee  pain.  Their  knee  has  anatomical
predispositions  for  instability,  primarily  with  patella  alta  (P  <  0.0001),  patellar  tilt  more  than
13.5◦ (P  <  0.0001),  a  patellar  nose  length  less  than  9  mm  (P  =  0.0037),  a  patellar  nose  ratio
less than  0.25  (P  <  0.0001),  a  TT-TG  distance  more  than  10  mm  (P  <  0.0001),  and  a  trochlear
prominence  more  than  4  mm  (P  =  0.0056).  In  35%  of  patients,  patellar  chondropathy  is  visible,
and 48%  of  patients  have  patellar  or  trochlear  subchondral  abnormalities.
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Conclusion:  Anterior,  lateral,  and  medial  knee  pain  may  be  related  to  PLFFS.  Anatomical  pre-
dispositions  contributing  to  instability  are  found  in  these  patients.  There  may  be  associated
chondropathies  and  osteochondropathies.
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atellofemoral  disease  is  commonly  characterized  by  two
ain  symptoms:  patellofemoral  pain  and  patellar  insta-
ility.  In  most  cases,  a  well-conducted  interview  and
hysical  examination,  along  with  a  thorough  radiographic
orkup,  will  determine  the  nosologic  framework  of  the
atellofemoral  disease.  This  has  been  classiﬁed  by  the  Lyon
chool  into  three  well-deﬁned  entities  [1]:
objective  patellar  instability  (OPI),  which  is  deﬁned  by  the
presence  of  at  least  one  episode  of  true  patellar  disloca-
tion  or  radiological  sequelae  and  at  least  one  anatomical
abnormality  conﬁrmed  by  imaging:  trochlear  dysplasia,
patella  alta,  patellar  tilt,  TT-TG  abnormality;
potential  patellar  instability  (PPI),  which  is  characterized
by  the  presence  of  subjective  patellar  pain  and/or  insta-
bility  (reﬂex)  with  no  history  of  true  patellar  dislocation
and  the  same  anatomical  abnormalities  as  in  OPI;
patellar  pain  syndrome  (PPS)  where  no  major  morpho-
logic  abnormality  is  found  on  the  x-rays.  The  symptoms
are  a  combination  of  patellar  pain,  reﬂex  buckling,  and
sometimes  pseudolocking.
Patellar  tendon-lateral  femoral  condyle  friction  syn-
rome  has  recently  been  described  in  the  literature  and
pens  up  a  nosological  framework  on  the  border  between
PS  and  potential  patellar  instability.  Patellar  tendon-lateral
emoral  condyle  friction  syndrome  is  one  of  the  cause  of
nterior  knee  pain.  This  clinical  syndrome  and  its  MRI  ﬁnd-
ngs  were  described  for  the  ﬁrst  time  in  the  literature  in
999  by  Brukner  et  al.  [2],  who  called  it  infrapatellar  fat  pad
mpingement,  in  a  study  of  eight  patients,  and  then  by  Chung
t  al.  in  a  study  of  42  patients  [3],  where  the  term  patellar
endon-lateral  femoral  condyle  friction  syndrome  was  intro-
uced.  This  syndrome  is  currently  not  reported  in  literature
eviews  [2—11]: it  is  probably  widely  underdiagnosed  and
nderestimated  because  it  is  unknown.  The  clinical  signs
f  this  syndrome  are  the  same  as  those  of  PPS.  They  are
haracterized  by  anterior  pain  that  is  exacerbated  by  hyper-
xtension  and  tenderness  in  the  lower  pole  of  the  patella.
atients  may  also  complain  of  tenderness  in  the  infrapatel-
ar  fat  on  either  side  of  the  patellar  tendon,  but  not  in  the
endon  itself.  The  disease  centers  around  focal  impairment
f  the  fat  pad  of  the  anterior  compartment  of  the  knee  at
he  external  alar  fold  (Fig.  1).  It  is  the  MRI  that  conﬁrms  the
linical  diagnosis,  with  mainly  a  focal  signal  abnormality  in
his  fold  (Fig.  2).
To  the  best  of  our  knowledge,  this  is  the  ﬁrst  descriptive
rospective  3  Testa  study  of  patellar  tendon-lateral  femoral
ondyle  friction  syndrome.  The  objective  of  this  study  is
o  improve  the  description  of  the  MRI  signs  found  in  patel-
ar  tendon-lateral  femoral  condyle  friction  syndrome.  We
articularly  studied  the  predisposing  morphological  variants
f  the  trochlea  and  patella  in  patients  with  anterior  pain
ith  a  focal  signal  abnormality  of  the  infrapatellar  fat  pad
ompared  with  a  control  population.
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atients and methods
atients
e  performed  a  prospective  follow-up  on  patients  with  ante-
ior  need  pain  for  more  than  3  months  who  had  undergone
 3  Tesla  MRI  at  our  institution  between  November  2004  and
une  2009.  Patients  with  a  focal  signal  abnormality  in  the
nterolateral  fat  (lateral  alar  fold)  of  the  anterior  compart-
ent  of  the  knee  were  included.  21  patients  (23  knees)  were
ncluded  in  this  study  out  of  a  total  of  409  MRIs  of  the  knee
erformed  during  that  period,  67  of  which  were  for  anterior
nee  pain.
Thirty  control  subjects  with  no  anterior  knee  pain  were
lso  selected  in  order  to  screen  for  any  morphological  abnor-
alities  and  compare  them  to  those  found  in  cases  of
LFFS.  Those  subjects,  with  no  known  patellofemoral  his-
ory,  underwent  an  exploratory  MRI  for  posterior  pain  (n  =  4)
r  suspected  internal  meniscus  lesions  (n  =  26).  Patients  with
 history  of  patellar  dislocation,  arthroscopy,  or  surgery  of
he  knee,  and  indirect  MRI  signs  of  a  history  of  patellar
islocation  were  excluded.
Each  enrolled  patient  underwent  a  clinical  and  radiolog-
cal  workup  including  an  MRI.  During  the  MRI  appointment,
he  investigator  routinely  conducted  an  interview  for  the
urpose  of  recording  the  patient’s  history,  history  of  the
resent  illness,  and  functional  symptoms.  He  performed  a
hysical  examination  of  the  knee  and  the  patellofemoral
ompartment  in  particular.
He  looked  for  classic  signs  of  patellofemoral  disease  with
millie’s  test  and  Zohlen’s  test.  If  there  was  associated  lat-
ral  pain,  Renne’s  test  and  Noble’s  test  were  done.
RI protocol
ll  studies  were  performed  with  a  3  Tesla  MRI  (Signa
xcite,  General  Electric  Medical  Systems,  Milwaukee,  WI)
nd  a  four-channel  transmit  and  receive  antenna  with
edicated  quadrature  knee  HR  coil  to  allow  parallel  acqui-
itions.  The  knee  was  positioned  in  extension  with  the
oot  at  the  zenith.  We  did  three  fat-saturated  proton-
ensity  (fat-sat  PD)  sequences:  axial  sequences  of  the
ower  third  of  the  quadriceps  tendon  at  the  anterior  tib-
al  tuberosity  perpendicular  to  the  anterior  cortical  surface
f  the  femur,  sagittal  sequences  at  the  external  edge  of
he  trochlea,  with  phase  encoding  in  the  cephalocaudal
irection  to  minimize  artefact  from  ﬂow  in  the  popliteal
rtery,  and  coronal  sequences  parallel  to  the  bicondy-
ar  plane  (TR  between  2600  and  3500  ms,  TE  between
0  and  60  ms,  number  of  excitations  =  4  for  the  sagittal
lane  and  2  for  the  other  planes,  FOV  between  14  and
6  cm,  matrix  =  512  ×  512,  slice  thickness  =  3  mm,  interslice
ap  =  0.3  mm,  acquisition  time  =  4  min  5  sec  in  the  sagit-
al  plane,  3  min  4  sec  in  the  coronal  and  axial  planes).
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Figure 1. The lateral alar fold (arrowheads) of the infrapatellar fat pad, located between the inferolateral edge of the patella and the
lateral facet of the femoral trochlea. Radiologic/anatomic correlation: a: lateral parasagittal MRI slice using fat-saturated proton-density-
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sweighted (fat-sat PD) images; b: axial fat-sat PD slice through the
Medical and Pharmaceutical Sciences Teaching Unit, Université de F
A  T1-weighted  sagittal  sequence  was  also  done  (TR  =  860  ms,
TE  =  21  ms,  number  of  excitations  =  2,  FOV  between  14
and  16  cm,  matrix  =  512  ×  512,  slice  thickness  =  3  mm  every
0.3  mm,  acquisition  time  =  4  min  37  sec).  All  images  were
stored  on  our  network  (PACS)  for  post-processing  of  quan-
titative  data.
MRI analysis
All  MRIs  were  independently  read  by  two  observers.  A
rereading  was  done,  when  necessary,  to  reach  a  consensus.
Characteristic  slices  were  used  for  axial  measurements
(Figs.  3  and  4):  the  cartilage  slice  was  the  ﬁrst  axial  slice
where  it  was  possible  to  view  cartilage  on  the  lateral  aspect
p
I
Dior part of the patella; c, d: cadaver slices (Anatomy Laboratory,
he-Comté).
f the  upper  part  of  the  trochlea,  with  the  slice  through  the
rochlea  outlining  a  ‘‘Roman  arch’’  and  on  the  slice  30  mm
bove  the  femorotibial  space.  We  measured  the  angle  of  the
ateral  trochlear  inclination  (LTI),  the  depth  of  the  trochlea
D)  at  the  Roman  arc  hand  3  cm  from  the  joint  space,  the
rochlear  joint  facet  asymmetry  (L/M),  patellar  lateral  lat-
ralizarion  (or  patellar  translation),  patellar  tilt,  and  the
T-TG  or  distance  between  the  tibial  tuberosity  and  the  bot-
om  of  the  trochlear  groove,  now  increasingly  used  in  MRI
tudies  [12].In the  sagittal  plane,  we  calculated  the  height  of  the
atella  (patella  alta)  (Fig.  5)  using  different  methods:
nsall  and  Salvati  [13], modiﬁed  Insall  [14], and  Caton  and
eschamps  [15]. We  recorded  the  patellar  nose  length,  the
e174  B.  Barbier-Brion  et  al.
Figure 2. Patellar tendon-lateral femoral condyle friction syndrome. Lateral parasagittal (a), axial (b), and coronal (c) fat-sat PD MRI
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Slices centered on the external alar fold of the fat pad of the ante
ignal hyperintensity visible in the three spatial planes (arrows hea
atellar  nose  ratio  (N/P),  and  the  ventral  trochlear  promi-
ence:  projection  X  (Fig.  6).
The  usual  and  normal  values  in  the  literature  are  reported
n  Table  1.
Qualitatively,  the  type  of  patella  is  analyzed  on  the  axial
lices  based  on  its  morphology  and  Wiberg  classiﬁcation.
ype  II  patellae  with  a  very  small,  convex  internal  face  were
onsidered  dysplastic.  The  type  of  supratrochlear/trochlear
unction  is  recorded.  It  is  classiﬁed  into  two  categories:
atients  with  an  oblique,  square,  ‘‘stair  step’’  type  junc-
ion  that  is  aggressive  for  the  patella  at  the  entry  to  the
rochlear  notch,  and  all  other  types.  It  was  studied  on  the
edian  sagittal  slice  through  the  bottom  of  the  trochlea,
orresponding  to  the  point  of  engagement  of  the  patella
Fig.  7).
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Wcompartment of the knee. This fat pad is the site of an abnormal
We  noted  signal  hyperintensity  in  the  soft  tissue  below
he  iliotibial  (IT)  band  (fascia  lata).  Those  high-intensity
reas  had  to  be  visible  in  at  least  two  planes  of  different
lices.  Then  we  looked  for  abnormal  intratendinous  signals
n  the  patellar  ligament  and,  ﬁnally,  cartilage  abnormali-
ies  using  the  Outerbridge  staging  system,  and  we  recorded
ocal  or  diffuse  signal  abnormalities  of  the  subchondral  bone
t  the  patellar  and  trochlear  facets.
tatistical testsor  all  statistical  tests  in  this  study,  we  set  a  signiﬁcance
hreshold  of  5%  (two-tailed).  We  used  two  nonparamet-
ic  statistical  tests,  since  the  sample  sizes  were  small:
ilcoxon’s  test  to  compare  the  mean  of  a  variable  between
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Figure 3. Quantitatives axial morphologic data: a: bicondylar
plane; b: maximum measurement of the internal condyle; c: max-
imum measurement of the external condyle; d: measurement of
the trochlear groove; e: measurement of the external trochlear
facet; f: measurement of the internal trochlear facet; g: mea-
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Msurement of lateral paternal displacement or tilt. Trochlear depth
D = [b + c/2] − d; facet ratio R = e/f.
two  groups  and  Fisher’s  test  to  compare  the  percentage  of
a  variable  between  two  groups.
Results
Patients
Our  population  had  67%  (14/21)  women  in  the  patient  group
and  33%  (10/20)  in  the  control  group.  The  mean  age  was
32.5  years  (range  20—54)  in  the  patient  group  and  35  years
(range  18—69)  in  the  control  group.
Q
T
Figure 5. Patellar height indexes: a: Insall and Salvati (T/P); b: modi
patella; T: length of patellar ligament; SA: measured joint surface area;
tibial rim and inferior edge of SA.igure 4. Quantitatives axial angular data. Angle : patellar tilt
ngle. Angle : lateral trochlear inclination (LTI) angle.
The  friction  syndrome  was  revealed  by  clinical  signs  of
PS  in  18  out  of  19  cases.  In  eight  cases,  the  pain  was  peri-
atellar,  but  more  marked  laterally  [× 4]  and  medially  [× 4].
n  ﬁve  cases,  the  Renne’s  and  Noble’s  tests  were  positive
ith  very  lateralized  peripatellar  pain:  those  patients  had
ymptoms  that  were  essentially  peripatellar  on  exertion.  It
hould  be  noted  that  4  patients  reported  other  functional
igns  such  as  pseudo  locking  or  instability.
The  syndrome  evolved  over  a  period  of  eight  months
n  average.  Regular  athletic  activity  was  noted  in  14  cases
especially  walking  (×  7),  skating  and  skiing  (×  3),  handball,
ootball,  bicycling,  and  track  and  ﬁeld  once  each).
orphologic criteriauantitative  data
he  data  are  reported  in  the  Table  2.
ﬁed Insall (TA/SA); c: Caton and Deschamps (PA/SA). P: length of
 TA: measured TTA and inferior edge of SA; PA: measured anterior
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figure 6. Quantitatives sagittal data. X: ventral trochlear promi-
ence; NP: patellar nose; NP/P: patellar nose ratio.
We  essentially  report  that  the  most  signiﬁcant  differ-
nces  (P  <  0.0001)  between  the  patient  population  and  the
ontrol  population  were  patellar  tilt,  TT-TG,  patella  alta,
nd  patellar  nose  length.
Based  on  lateral  trochlear  inclination,  there  was  only  one
ase  of  major  dysplastic  knee.ualitative  data
he  qualitative  data  are  reported  in  the  Table  3.
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Table  1  Normal  values  and  abnormal  MRI  threshold  value  for
Measurements Normal  v
(conﬁden
Lateral  trochlear  inclination  angle
LTI  (Fig.  4)
16.93◦ (1
Trochlear  depth  (Fig.  3)
D  3  cm
5.2 mm  (2
Trochlear  projection  (Fig.  6)
X
4.2  mm  (1
Trochlear  facet  ratio  (Fig.  3)
L/M
1.75  (1.1
Lateral  patellar  displacement  (Fig.  3)
Tilt
2.5 mm  (0
Patellar  tilt  (Fig.  4)  9.2◦ (0—2
TT-TG
Extension  to  15◦ ﬂexion  15  mm  (1
30◦ ﬂexion  9  mm  (5—
Patella  alta  (Fig.  5)
Insall  index 1  (0.9—1.
Modiﬁed  Insall  index 1.25
Caton  and  Deschamps  index 1  (0.8—1.
Patellar  nose  (PN) 11.9  (4—2
Patellar  nose  ratio  (NP/P)  0.3  (0.15B.  Barbier-Brion  et  al.
We  essentially  report  that  the  most  signiﬁcant  qualitative
riteria  (P  <  0.0001)  between  the  patient  population  and  the
ontrol  population  were  patellar  tilt  (threshold  >  13.5◦),  TT-
G  (threshold  >  10  mm),  and  patella  alta.
Figs.  8  and  9  summarize  the  main  abnormalities  found.
Only  one  patient  had  an  abnormal  intratendinous  signal
n  the  patellar  ligament  near  its  proximal  patellar  insertion
ite.  The  control  had  this  type  of  abnormality.
The  different  cartilaginous  and  subchondral  abnormali-
ies  in  patients  and  controls  are  shown  in  Fig.  10.  Fifteen
atellae  (65%)  and  21  trochleae  (91%)  were  found  to  be  free
f  cartilage  damage.  Eight  patellae  had  cartilage  abnormal-
ties  (35%)  (Fig.  11).  Eleven  bone  abnormalities  were  seen.
he  four  cases  of  patellar  subchondral  bone  abnormalities
ere  associated  with  the  aforesaid  chondral  abnormalities
n  all  cases.
iscussion
nterior  knee  disease  includes  many  conditions  whose  noso-
ogical  framework  is  still  not  fully  standardized.  Thus,  the
anguage  used  in  the  literature  is  vague.  The  distinctions
ust  be  clear  in  order  to  ﬁt  the  treatment  to  the  patient  as
ffectively  as  possible.  The  advent  of  MRIs  and  3  Tesla  high
agnetic  ﬁelds  is  a  crucial  contribution  to  knee  imaging.
hey  provide  a  wealth  of  information  essential  for  under-
tanding  this  disease.
Patellofemoral  disease  is  thus  the  patellar  lateral  femoral
riction  syndrome  (PLFFS)  is  a female  disease,  and  our  series
s  in  agreement  with  that  data,  with  two-thirds  of  our
atients  being  female.  In  our  patients,  we  found  the  clas-
ic  symptoms  of  PPS  and  patellar  tendon-lateral  femoral
ondyle  friction  syndrome  to  be  clinically  indistinguishable.
 study  criteria.
alues
ce  interval)
Abnormal  MRI  threshold  value
(sensitivity—speciﬁcity)
2.17—21.69)  <  11◦ (0.93—0.87)
.4—10.5)  <  3  mm  (Se  =  1;  Sp  =  0.96)
.7—7.3)  >  4  mm  (Se  =  0.68;  Sp  =  0.52)
—5.8)  >  2.5  (Se  =  1;  Sp  =  0.96)
—11.2)  >  6  mm  (Se  =  0.75;  Sp  =  0.83)
0)  >  13.5◦ (Se  =  0.93;  Sp  =  0.63)
0.5—19.5)  >  10  mm  (Se  =  0.64;  Sp  =  0.70)
13)  >  20  mm
1)  >  1.3
>  2
2)  >  1.2
1.7)  <  9  mm  (Se  =  0.66;  Sp  =  0.85)
—0.56)  <  0.25  mm  (Se  =  0.74;
Sp  =  0.66)
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tFigure 7. Qualitative sagittal data, morphology of the junction 
round; c: oblique; d: square. The oblique and square types are term
Most  patients  have  anterior  peripatellar  knee  pain,  some-
times  more  pronounced  laterally  or  medially,  and  in  some
cases  associated  with  pseudo  block  or  instability  phenom-
ena.  Patients  often  work  out  regularly.  In  addition,  it  is  not
uncommon  to  ﬁnd  very  lateral  pain  symptoms  mimicking  Ilio
Tractus  Band  Syndrom  (ITBS).  A  tight  IT  band  may  be  asso-
ciated  with  PPS  [16]; the  intertwining  of  these  syndromes
explains  the  difﬁculty  of  the  physical  examination  and  justi-
ﬁes  doing  an  MRI,  the  only  test  capable  of  clarifying  a  clinical
picture  that  has  low  sensitivity  and  is  thus  tricky.
1
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Table  2  Statistical  analysis  of  quantitative  parameters.
Quantitative  criteria  Patients  
Mean Standard
deviation
Range
Lateral  trochlear
inclination  (LTI)a
17.13  5.09  8.0  to  28
Trochlear  depth  at  3  cm  (D
3)b
3.56  1.59  0.0  to  6.9
Trochlear  depth  at  arch
slice  (D  arch)b
4.55  1.04  3.05  to  7
Trochlear  projection  (X)b 4.22  1.43  1.9  to  6.9
Lateral  and  medial
trochlear  facet  ratio
(L/M)
1.93  0.40  1.22  to  2
Patellar  lateralizationb 2.90  3.84  −5.2  to  7
Patellar  tilta 14.43  6.88  0  to  30  
TT-TGb 13.64  3.96  7.5  to  22
Insall  index  1.26  0.12  0.96  to  1
Modiﬁed  Insall  index  1.93  0.13  1.6  to  2.1
Caton  index  1.18  0.15  0.95  to  1
Patellar  nose  (NP)b 9.08  1.94  4.8  to  12
Patellar  nose  ratio  (NP/P)  0.22  0.05  0.13  to  0
a Measurements in millimeters.
b Measurements in degrees.between the supratrochlear and the femoral trochlea: a: ﬂat; b:
‘stair step’’.
Dysplasia  of  the  trochlea  is  one  of  the  most  important
natomical  factors  involved  in  instability  and  lack  of  patel-
ar  engagement.  The  MRI  was  introduced  in  order  to  diagnose
rochlear  dysplasia  [17]. The  quantitative  criteria  used  for
ysplasia  are  trochlear  lateral  inclination,  trochlear  depth,
nd  ventral  prominence  of  the  trochlea  [17]. With  regard
o  trochlear  lateral  inclination,  and  for  a  threshold  value  of
1◦ [18], the  means  for  the  patients  are  signiﬁcantly  below
he  controls,  with  a single  control  case  found  to  be  actu-
lly  dysplastic.  For  trochlear  depth,  the  mean  values  for
Controls  P  (Wilcoxon
test)
Mean  Standard
deviation
Range
.0  19.80  4.25  12.0  to  27.0  0.0345
 4.34  0.86  2.95  to  6.3  0.0657
.2  5.14  0.95  2.8  to  7.5  0.0297
 2.82  1.03  0  to  4.7  0.0012
.7  1.57  0.23  1.07  to  2.01  0.0012
.5  1.16  2.81  −4.8  to  6.9  0.0294
8.17  3.17  3  to  19  <  0.0001
.6  7.93  3.01  1.3  to  15.4  <  0.0001
.5  0.98  0.11  0.73  to  1.23  <  0.0001
 1.69  0.16  1.4  to  1.91  <  0.0001
.5  0.96  0.10  0.75  to  1.14  <  0.0001
.1  12.58  2.54  8.2  to  19.3  <  0.0001
.3  0.28  0.05  0.18  to  0.39  0.0003
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Table  3  Statistical  analysis  of  qualitative  parameters.
Qualitative  criteria  Patients  Controls  P  (Fischer’s  test)
Yes  No  Yes  No
Lateral  trochlear  inclination  (LTI)  (q  <  11◦)  1 22  0  30  0.434
Trochlear  projection  (X)  (q  >  4  mm) 12 11 4 26 0.0056
Trochlear/supratrochlear  junction  (q  =  type  3  or  4)  15  8  8  22  0.0064
Lateral  and  medial  trochlear  facet  ratio  (L/M)  (q  >  2.5)  3  20  0  30  0.0756
Patellar  lateralization  (q  >  6  mm)  6  17  1  29  0.034
Patellar  tilt  (q  >  13.5◦)  15  8  1  29  <  0.0001
TT-TG  (q  >  10  mm)  18  5  5  25  <  0.0001
Insall  index  (q  >  1.3)  11  12  0  30  <  0.0001
Modiﬁed  Insall  index  (q  >  2) 13 10 0  30  <  0.0001
Caton  index  (q  >  1.2)  12  11  0  30  <  0.0001
Patellar  nose  (NP)  (q  <  9  mm)  11  12  3  27  0.0037
Patellar  nose  ratio  (N/P)  (q  <  0.25)  16  7  5  25  <  0.0001
1
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1Wiberg  patella  type  (q  =  type  III)
Abnormal  iliotibial  (IT)  band  (q  =  abnormal  signal)
ontrol  subjects  were  5.2  mm  on  axial  slices  3  cm  from  the
oint  space  and  4.2  mm  at  the  arch  [19]. In  the  absence  of
olume  acquisition,  this  proximal  measurement  lacks  accu-
acy  and  reproducibility;  in  our  opinion,  it  is  more  reliable  at
he  arch  where  the  trochlea  is  shallower  in  the  patient  group
d
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igure 8. Example of qualitative and quantitative criteria for control k
nd type 1 trochlear/supratrochlear junction; b: knee No. 12. L/M joint
nd 8◦ patellar tilt; d: knee No. 9. Superimposition of two reference sli
.8; f: knee No. 19. Patellar nose of 15.8 mm.6 17  1  29  0.034
0  13  5  25  0.0629
P  =  0.0297),  a  source  of  instability.  In  cases  of  trochlear
ysplasia,  the  connection  between  the  femoral  shaft  and
he  trochlea  is  more  abrupt.  It  was  Guilbert  [20,21]  who
ame  up  with  this  original  concept.  The  ﬂat,  round,  square,
nd  oblique  types  (by  order  of  severity)  are  dependent  on
nees (BC: bicondylar plane): a: knee No. 30. No trochlear projection
 facet ratio of 1.6; c: knee No. 5. No lateral patellar displacement
ces. TT-TG 5.3 mm;  e: knee No. 9. Normal modiﬁed Insall index of
Magnetic  resonance  imaging  in  patellar  lateral  femoral  friction  syndrome  (PLFFS)  e179
Figure 9. Example of qualitative and quantitative criteria for patient knees (BC: bicondylar plane): a: knee No. 9. Trochlear projection
6.6 mm and type 3 trochlear/supratrochlear junction; b: knee No. 21. L/M joint facet ratio of 2.4; c: knee No. 6. Lateral patellar displacement
(↔) of 6.9 mm and 17◦ patellar tilt; d: knee No. 17. Superimposition of two reference slices. TT-TG 20 mm; e: knee No. 3. Elevated modiﬁed
Insall index of 2; f: knee No. 5. Patellar nose of 7.5 mm.
Figure 10. Cartilage abnormalities according to the Outerbridge staging classiﬁcation and subchondral bone (SCB) abnormalities in
patients.
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Figure 11. Example of cartilage and trochlear bone abnormalities found in patellar tendon-lateral femoral condyle friction syndrome. At
top: grade 4 deep cartilage ulceration of the lateral trochlear facet (white arrow heads) (a, b) associated with an abnormal signal in the
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iacing bone. At bottom: grade 4 deep cartilage ulceration of the lat
ignal in the facing bone. In these two patients, note the signal hyp
he  projection  of  the  trochlea.  According  to  that  author,
0%  of  case  of  OPI  or  PPI  had  an  oblique  or  square  junc-
ion,  while  72%  of  controls  had  a  ﬂat  junction.  ‘‘Stair  step’’
unction  areas  are  aggressive  when  the  patella  engages  in
he  trochlea.  They  are  associated  with  greater  mechanical
nstability,  more  patellar  pain,  more  marked  projection,  and
ore  severe  dysplasia.  At  the  same  time,  in  the  context  of
PI,  the  ventral  trochlear  prominence,  projection  (X),  the
uantitative  reﬂection  of  this  data,  has  a  threshold  value  of
 mm  [19]  and  6.9  mm  for  a  diagnosis  of  trochlear  dyspla-
ia  [17]. In  our  study,  whether  quantitatively  with  respect
o  mean  projections,  with  a  4  mm  threshold,  or  qualita-
ively  (type  of  junction),  there  was  a  signiﬁcant  difference
etween  our  patients  and  our  controls:  0.0012,  0.0056,  and
.0064,  respectively.  With  regard  to  patellar  joint  facet
symmetry,  the  control  value  was  1.75  or  57%;  a  thresh-
ld  of  2.5  or  40%  gives  100%  sensitivity  and  96%  speciﬁcity
or  the  diagnosis  of  trochlear  dysplasia  3  cm  from  the  joint
pace  [17]. In  our  series,  there  was  no  clear  statistical  power
is-à-vis  the  threshold  at  2.5,  but  the  trochleae  of  patients
ad  more  marked  asymmetry  than  those  of  the  controls  and
herefore  no  true  trochlear  dysplasia,  which  may  neverthe-
ess  contribute  to  patellar  instability.
As  for  patellar  displacement,  a  mean  of  2.5  mm  was
ound  in  the  control  population  and  7.7  mm  for  knees  with
ysplastic  trochleae:  a  threshold  of  6  mm  was  set  for  75%
t
t
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apatellar facet (black arrow heads) (c) associated with an abnormal
ensity in the lateral alar fold (arrow) (d).
ensitivity  and  83%  speciﬁcity.  Patellar  tilt  has  previously
een  described  as  a  source  of  anterior  knee  pain  with  no
linical  instability  or  history  of  dislocation  [14]. Tilt  seems
o  be  the  best  indicator  of  a  potential  imbalance  between
he  vastus  medialis  and  lateralis  muscles.  Using  the  ﬁgure
f  13.5◦ as  the  threshold  value,  as  there  is  a  consensus  in
he  literature  for  trochlear  or  muscular  dysplasia,  a  signif-
cant  difference  was  found  between  the  two  groups  in  our
tudy.  Other  authors  also  state  that  patellar  tilt  is  a  source
f  anterior  knee  pain  with  no  clinical  instability  or  history
f  dislocation  [12]. Thus  the  best  indicator  of  a  potential
mbalance  between  the  vastus  medialis  and  lateralis  muscles
s  patellar  tilt.
The  lateral  displacement  force  exerted  on  the  patella
y  quadriceps  contraction  depends  on  the  position  of  the
nterior  tibial  tuberosity  relative  to  the  groove  of  the
rochlea.  In  the  population  with  OPI,  56%  of  cases  had  a
T-TG  greater  or  equal  to  20  mm  while  in  the  population
f  normal  subjects,  only  3%  reached  that  threshold.  The
ean  value  was  9.3  mm  in  control  subjects  [12]. A  very
igh  patella  is  likely  to  miss  engaging  if  the  TT-TG  angle
s  wide  or  if  the  balance  of  the  forces  between  the  vas-
us  medialis  and  lateralis  is  not  satisfactory.  In  our  series,
here  was  a  signiﬁcant  difference  in  the  mean  TT-GT  mea-
urements  between  patients  and  controls  (P  <  0.0001);  event
t  a  threshold  of  10  mm,  that  difference  remains  highly
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signiﬁcant  (P  <  0.0001).  Our  results  for  the  controls  are
consistent  with  those  in  the  literature;  for  example,  Guil-
bert  [20]  obtained  TT-TG  measurements  of  8.1  ±  3  mm  for
controls,  while  we  obtained  7.93  ±  3.01  mm  for  our  con-
trols.  In  our  patients,  we  recorded  mean  measurements  of
13.64  ±  3.96  mm  while  Guilbert  obtained  11.1  ±  3.4  mm  and
12.8  ±  5.4  mm,  respectively,  for  PPI  and  OPI.  A  2009  study
[22]  found  that  patients  with  anterior  knee  pain  with  no
history  of  instability  (as  in  our  patients)  had  a  statistically
wider  TT-TG  angle  and  greater  patellar  chondromalacia.
Finally,  in  2006,  Wittstein  [12]  also  found  a  signiﬁcant  differ-
ence  between  TT-GT  measurements  in  patients  with  anterior
knee  pain  with  no  history  of  dislocation  or  instability  and
controls  (12.6  ±  1.1  mm  versus  9.4  ±  0.6  mm).  Thus,  they  all
conclude,  as  we  did,  that  excessive  TT-TG  angles,  even  those
less  than  20  mm,  are  a  source  of  anterior  knee  pain.
To  the  best  of  our  knowledge,  patella  height  is  the
only  morphologic  criterion  studied  in  the  context  of  PLFFS.
According  to  the  Insall  and  Salvati  index  [13], it  is  normally
1  ±  0.1.  We  speak  of  patella  alta  if  it  is  greater  than  1.2.
In  MRI  terms,  we  speak  of  patella  alta  when  the  value  is
greater  than  or  equal  to  1.3  [23,24].  The  modiﬁed  Insall
index  [14]  overcomes  the  limitations  of  the  Insall  and  Salvati
method  described  by  some  authors,  including  false  positive
in  the  case  of  abnormal  patellar  morphology,  such  as  a  short
patellar  nose  (most  of  the  patients  in  our  study).  The  patella
alta  threshold  is  then  2.  Finally,  the  Caton  and  Deschamps
index  [15]  is  normally  between  0.8  and  1.2.  We  speak  of
patella  alta  if  it  is  greater  than  or  equal  to  1.2  [25]. This
index  is  interesting  because  it  does  not  depend  on  the  degree
of  knee  ﬂexion.  This  index  would  be  the  most  sensitive  for
diagnosing  patella  alta  by  MRI  [24]. For  example,  in  a  series
of  42  patients,  Chung  et  al.  [3]  found  79%  of  patients  with
patella  alta  with  an  Insall  ratio  greater  than  1.3.  In  2010,
Subhawong  also  found  an  association  between  friction  syn-
drome  and  patella  alta  in  a  predominantly  female  population
[26].  Based  on  the  different  possible  MRI  measurements  for
patella  alta,  all  indexes  show  a  highly  signiﬁcant  difference
(P  <  0.0001),  with  more  cases  of  patella  alta  in  patients  com-
pared  with  controls.  In  our  smaller  series,  according  to  the
indexes,  48  to  57%  of  patients  have  patella  alta.  Patella  alta
is  a  major  instability  criterion  [25]  and  source  of  pain.
The  patients  in  our  series  had  signiﬁcantly  shorter  mean
patellar  noses  and  lower  mean  patellar  nose  ratios  than
controls  (P  <  0.0001  and  P  =  0.0003).  A  nose  length  shorter
9  mm  and  a  patellar  nose  ratio  lower  than  0.25  should  be
considered  a  criterion  for  patellar  dysplasia  [19]. Using  a
threshold  below  9  mm  for  patellar  nose  length  and  a  value
of  less  than  0.25  for  patellar  nose  ratio,  the  tests  were  also
signiﬁcant  (P  =  0.0037  and  P  <  0.0001).  Thus,  the  shorter  the
patellar  nose  and  the  lower  the  ratio,  the  more  the  patients
in  our  series  had  PLFFS.  These  ﬁndings  have  previously  been
reported  in  the  literature,  but  in  the  speciﬁc  area  of  patellar
instability  with,  according  to  some  authors,  greater  speci-
ﬁcity  than  patellar  height;  patients  with  these  anatomic
predispositions  are  thus  more  likely  to  experience  patellar
instability  [19].
One of  the  original  ﬁndings  of  our  study  was  visualization
of  signal  abnormalities  in  the  form  of  signal  hyperintensity
in  fat-sat  PD  sequences  in  the  fat  below  the  IT  band.  These
high-intensity  areas  are  focal  and  not  outright  hyperintense,
with  no  thickening  of  the  adjacent  IT  band  or  thickening
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f the  fat.  They  are  different  from  those  described  in  IT
and  syndrome.  The  statistical  difference  between  the  pres-
nce  of  this  signal  abnormality  in  patients  and  controls  in
ur  series  was  borderline  at  P  =  0.0629  and  needs  to  be  con-
rmed  in  a  larger  sample.  The  etiology  of  PLFFS  is  known  to
e  multifactorial.  Some  authors  have  comparatively  shown
hat  IT  band  tightness  may  play  a  role  in  anterior  knee  pain,
nd  should  be  taken  into  account  when  treating  these  syn-
romes  and  possibly  treated  by  reeducation  [27]. Since  high
agnetic  ﬁelds  have  come  into  use,  one  wonders  if  this
bnormality  is  not  physiological,  but  a  reﬂection  the  sub-
ect’s  reduced  activity  before  the  test  is  even  performed.
ith  that  in  mind,  a  larger  series  might  answer  these  ques-
ions.  But  already  we  should  pay  attention  to  that  area  when
here  is  anterior  knee  pain.
Only  one  patient  had  an  abnormal  signal  in  the  patellar
igament  near  its  proximal  patellar  insertion  site,  suggesting
 partial  tear.  In  a  series  of  42  patients,  Chung  et  al.  [3]  found
ine  injured  tendons  versus  only  one  in  50  knees  found  by
ubhawong  [26]. The  low  incidence  we  found  in  our  series  is
ndoubtedly  related  to  the  small  sample  size.
It  is  commonly  accepted  that  cartilage  injuries  that
xpose  the  adjacent  subchondral  bone  are  a  source  of  pain.
here  is  great  innervation  in  that  location  where  there  are
ociceptive  nerve  ﬁbers.  We  have  found  bone  damage  with-
ut  cartilage  involvement,  probably  due  to  lack  of  sensitivity
f  the  detection  sequences.
In our  opinion  abnormal  fat  in  the  external  alar  fold  is  a
ource  of  pain.  Due  to  repeated  microtraumas  and  varying
egrees  of  resulting  hyperplasia  in  that  region,  there  may  be
 local  inﬂammatory  phenomenon.  That  area  is  anatomically
ery  nociceptively  innervated  and  has  proven  to  be  highly
ainful  on  palpation  during  arthroscopy  performed  without
nesthesia  [28]. Finally,  absent  any  other  obvious  cause  of
nee  pain,  arthroscopic  resection  of  that  inﬂammatory  fat
esults  in  patient  improvement  [29].
In conclusion,  various  hypotheses  may  explain  pain
n  PLFFS:  abnormal  fat  in  the  external  alar  fold  due
o  a  patellofemoral  centering  defect,  patella  alta  and
atellofemoral  chondropathy,  bone  abnormalities,  and
seudo  IT  band  syndrome.  We  are  aware  that  our  study
as  limitations.  Our  small  patient  sample  size  reﬂects  the
orderline  statistical  results  of  certain  study  criteria.  Due
o  the  small  control  sample  size,  we  recorded  no  case
here  there  was  an  abnormal  fat  signal  in  the  external  alar
old  with  no  associated  symptoms.  The  study  populations
ere  not  homogeneous  for  sex,  a  bias  inherent  in  the
rospective  enrollment  of  controls.  Patient  height  and
eight  was  not  entered  in  the  records,  which  could  be  a
redisposing  factor  for  this  syndrome.  There  was  no  protocol
sing  sequences  dedicated  to  cartilage  analysis,  which  may
xplain  an  underestimation  of  chondral  damage.  However,
uch  long  sequences  have  not  yet  proven  their  sensitivity
nd  would  have  required  an  arthroscopic  or  CT  scan  com-
arison,  thus  encumbering  our  protocol  on  what  is  a  benign
isease.onclusion
eripatellar  anterior  knee  pain  is  common  and  it  is  difﬁ-
ult  for  the  clinician  to  be  sure  of  the  diagnosis.  Since  the
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linical  presentation  is  similar,  the  diagnosis  of  PPS  or  PLFFS
s  a  process  of  elimination.  Thanks  to  the  MRI,  we  have
learly  shown  that  patellar  and  trochlear  dysplastic  mor-
hologic  features  are  found  in  patients  with  anterior  knee
ain  with  a  focal  abnormality  of  the  superolateral  fold  of
he  infrapatellar  fat  pad.  If  MRI  shows  only  minor  morpho-
ogic  and  soft  tissue  abnormalities,  we  can  diagnose  PLFFS
ith  certainty.  The  merit  of  our  study  is  that  it  shows  the
igh  incidence  of  morphologic  abnormalities,  presumed  to
ause  inﬂammation  of  the  fat  of  the  external  alar  fold,  which
s  characteristic  of  PLFFS,  when  they  were  thought  to  be
he  preserve  of  OPI  or  PPI  (especially  patella  alta).  Such
bnormalities  are  widely  underestimated  in  the  literature;
heir  role  in  the  genesis  of  pain  is  certain,  but  they  are  not
esponsible  for  OPI.
Magnetic  resonance  imaging  is  very  useful,  since  it  is
peciﬁc  and  makes  it  possible  to  conﬁrm  the  diagnosis.  It
eplaces  standard  x-rays,  since  it  is  possible  to  calculate  all
natomic  abnormalities  with  MRI.
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